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SKEW CONTACT DOUBLE BALL BEARING AND PRE-LOAD ADDING METHOD THEREFOR 



(57) [PROBLEMS] To provide a oblique contact dou- 
ble ball bearing and a pre-load adding method forthe ball 
bearing capable of easily adding the pre-load by perform- 
ing adjustment for adding the pre-load in a wide adjust- 
ment range. [NEANS FOR SOLVING PROBLEMS] In 



this oblique contact double ball bearing, clearances be- 
tween balls (18) and raceways (1 1b) and (13b) on one 
row are made different from clearances between balls 
(17) and raceways (11a) and (13a) on the other row so 
as to apply a thrust load to inner and outer rings (1 1 ) and 
(13), and add the pre-load to the inner and outer rings. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to an oblique con- 
tact double row ball bearing for supporting a pinion shaft 
of a differential device additionally provided in a vehicle 
or the like under a free rotation, more specifically to an 
oblique contact double row ball bearing in which pitch 
circle diameters of double rows are different to each oth- 
er, in other words, raceway diameters of the double rows 
are different to each other, and a method of imparting a 
preload to the ball bearing. 

BACKGROUND OF THE INVENTION 

[0002] A tapered roller bearing is used as a roller bear- 
ing for supporting a pinion shaft of a differential device 
additionally provided in a vehicle, or the like under a free 
rotation. The tapered roller bearing has a large load ca- 
pacity, however, its rotation torque is large. Therefore, 
an oblique contactball bearing (angular contact ball bear- 
ing) may be incorporated into the differential device or 
the like in place of the tapered roller bearing (for example, 
seethe Patent Document 1), or an oblique contact double 
row ball bearing called a tandem double row ball bearing 
in which pitch circle diameters of double rows are different 
to each other, in other words, raceway diameters of the 
double rows are different to each other, may occasionally 
be incorporated into the differential device or the like. 
[0003] The oblique contact double row ball bearing 
having the pitch circle diameters different to each other 
is effectively used particularly for the opinion shaft of the 
differential device or the like because the rotation torque 
thereof is smaller than that of the tapered roller bearing 
and the load capacity is sufficiently large. 
[0004] In the case of incorporating these bearings into 
the differential device, the bearings are managed and 
stored in a state where a preload as prescribed is applied 
thereto. 

Patent Document 1: No. 2003-156128 of the Japanese 
Patent Application Laid-Open 

DISCLOSURE OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0005] The preload is controlled (adjusted) in the bear- 
ing through the measurement of the rotation torque of 
the bearing. Therefore, a range where the preload is set 
is increased as the rotation torque is larger, which facil- 
itates the adjustment. As described earlier, the tapered 
roller bearing is advantageous in its large load capacity 
and at the same time the rotation torque thereof is large. 
As a result, the adjustment range of the preload to beset 
with respect to the bearing is large, which makes it easy 
to control the preload. However, in the oblique contact 
ball bearing, which has the structure of the ball bearing, 



the rotation torque is small and the adjustment range of 
the preload to be set with respect to the bearing is thereby 
reduced. As a result, it is difficult for the preload to beset 
with a high accuracy. 
5 [0006] A main object of the present invention is to fa- 
cilitate the control of the preload in the oblique contact 
ball bearing. 

MEANS FOR SOLVING THE PROBLEM 

10 

[0007] In order to achieve the foregoing object, an ob- 
lique contact double row ball bearing according to the 
present invention comprises double rows of balls axially 
interposed in raceways of inner and outer rings, wherein 
15 an inner clearance between the balls in one of the rows 
and the raceway in which the balls are rolled, and an 
inner clearance between the balls in the other row and 
the raceway in which the balls are rolled are different to 
each other. 

[0008] In a method of imparting a preloadtothe oblique 
contact double row ball bearing according to the present 
invention, the inner clearance between the balls in one 
of the rows and the raceway of the inner and outer rings 
corresponding to the one of the rows in which the balls 
are rolled, and the inner clearance between the balls in 
the other row and the raceway of the inner and outer 
rings corresponding to the other row in which the balls 
are rolled, are set to be different to each other, and then 
a load is given to the inner and outer rings so that the 
inner clearances are sequentially reduced in orderto pro- 
vide the preload to the inner and outer rings. 
[0009] In the oblique contact double row ball bearing 
according to the present invention, any one of the clear- 
ances may be reduced earlier than the other. 
[0010] The preload to be imparted to the bearing is 
generally obtained through measurement of a rotation 
torque. The case of imparting the preload to the oblique 
contact double row ball bearing is considered here. In 
this case, when athrust load S to be impartedto the inner 
and outer rings is hypothetical^ a "S2" value, comparison 
of an adjustment range "T1" of a rotation torque T in a 
conventional oblique contact double row ball bearing to 
an adjustment range "T2" of the rotation torque T in the 
oblique contact double row ball bearing according to the 
present invention, which correspond to the "S2" value, it 
becomes T2 > T1 . Therefore, when it is tried to obtain 
the same preload, the preload can be adjusted in the 
range wider in the oblique contact ball bearing according 
to the present invention than that of the conventional ob- 
lique contact ball bearing, which consequently makes it 
easy to impart the preload with a high accuracy. 
[0011] In addition, the preload may be set while the 
thrust load "S2" is being adjusted in the range of [S1] - 
[S3] in view of its tolerance in setting the preload. Such 
a case is considered. Comparing an adjustment range 
[T3] of the rotation torque T in the conventional bearing 
to an adjustment range [T4] of the rotation torque T in 
the bearing according to the present invention, T4 > T3 



20 



25 



30 



35 



40 



45 



50 



55 



2 



3 



EP 1 719 926 A1 



4 



is obtained. When it is tried to obtain the same preload, 
the adjustment range of the rotation torque T (in other 
words, adjustment range of the preload) is increased in 
the bearing according to the present invention in com- 
parison to that of the conventional bearing. As a result, 5 
the preload can be easily and accurately imparted. 

EFFECT OF THE INVENTION 

[001 2] According to the present invention, the preload 10 
can be adjusted in the adjustment range wider than that 
of the conventional oblique contact bearing by making 
the rotation torque large, and the preload can be thereby 
accurately and easily imparted. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a sectional view illustrating a schematic con- 20 
stitution of a differential device according to a pre- 
ferred embodiment of the present invention. 
Fig. 2 is a sectional view in which double row ball 
bearings in the differential device are enlarged. 
Fig. 3 is a sectional view in which the double row ball 25 
bearings are further enlarged. 
Fig. 4 is a sectional view illustrating a state where 
the double row ball bearings are being assembled. 
Fig. 5 is a graph showing a relationship between a 
thrust load and a rotation torque. 30 

DESCRIPTION OF REFERENCE SYMBOLS 



[0014] 




1 


differential device 


2 


differential case 


6 


pinion gear 


7 


pinion shaft 


10 


first double row ball bearing 


25 


second double row ball bearing 


11 


first outer ring 


21 


first assembly component 


13 


first inner ring 


12 


second outer ring 


22 


second assembly component 


14 


second inner ring 


28,29 


row of balls 


30,31 


balls 



50 

PREFERRED EMBODIMENT OF THE PRESENT IN- 
VENTION 

[0015] A preferred embodiment of the present inven- 
tion is described referring to the drawings. Fig. 1 is a 55 
sectional view illustrating a schematic constitution of a 
differential device. Fig. 2 is a sectional view in which dou- 
ble row ball bearings are enlarged. 



[0016] As shown in Fig. 1, a differential device 1 com- 
prises a differential case 2. The differential case 2 com- 
prises a front case 3 and a rear case 4. These cases 3 
and 4 are coupled to each other by a bolt / nut 2a so as 
to thereby be integrated. Annular walls 27A and 27B in 
which ball bearings are applied are formed in the front 
case 3. 

[0017] The differential case 2 comprises internally a 
differential speed-change mechanism 5 for differentially 
gearing right and left wheels, and a pinion shaft (drive 
pinion) 7 having a pinion gear 6 on one side thereof. The 
pinion gear 6 is meshed with a ring gear 8 of the differ- 
ential speed-change mechanism 5. A shaft part 9 of the 
pinion shaft 7 is formed in a stepwise shape so that a 
diameter thereof is gradually reduced on the other side 
than one side thereof. 

[0018] The one side of the shaft part 9 of the pinion 
shaft 7 is supported by the annular wall 27A of the front 
case 3 so as to freely rotate around an axial center via a 
first double row ball bearing 10. The other side of the 
shaft part 9 of the pinion shaft 7 is supported by the an- 
nular wall 27B of the front case 3 so as to freely rotate 
around the axial center via a second double rowball bear- 
ing 25. 

[0019] As shown in Fig. 2, the first double rowball bear- 
ing 1 0 is an oblique contact double row ball bearing, and 
comprises a single first outer ring 1 1 fitted to an inner 
peripheral surface of the annular wall 27A and a first as- 
sembly component 21 . The first assembly component 21 
is assembled into the first outer ring 1 1 from the pinion- 
gear side toward the opposite side of the pinion gear 6 
(hereinafter, referred to as counter-pinion-gear side) 
along an axial direction so as to thereby constitute the 
first double row ball bearing 10. 

[0020] The first outer ring 1 1 has a structure of a coun- 
terbored outer ring. More specifically, the first outer ring 
1 1 comprises a large diameter outer ring raceway 11a 
on the pinion-gear side and a small diameter outer ring 
raceway 11b on the counter-pinion-gear side. A planar 
part 1 1 c is formed between the large diameter outer ring 
raceway 1 1 a and the small diameter outer ring raceway 
1 1 b. The planar part 1 1 c has a diameter larger than that 
of the small diameter outer ring raceway 1 1 b and contin- 
uous to the large diameter outer ring raceway 11a. An 
inner peripheral surface of the first outer ring 1 1 is thus 
formed in the stepwise shape. 

[0021] The first assembly component 21 comprises a 
single first inner ring 13, a large-diameter-side row of 
balls 15, a small-diameter-side row of balls 16, and re- 
tainers 1 9 and 20. The first inner ring 1 3 has a structure 
of a counterbored inner ring. More specifically, the first 
inner ring 1 3 comprises a large diameter inner ring race- 
way 13a and a small diameter inner ring raceway 13b. 
The large diameter inner ring raceway 1 3afacesthe large 
diameter outer ring raceway 1 1 a in a radial direction. The 
small diameter inner ring raceway 13b faces the small 
diameter outer ring raceway 1 1b in a radial direction. A 
planar part 13c is formed between the large diameter 
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inner ring raceway 1 3a and the small diameter inner ring 
raceway 13b. The planar part 13c has a diameter larger 
than that of the small diameter inner ring raceway 13b 
and continuous to the large diameter inner ring raceway 
13a. An outer peripheral surface of the first inner ring 13 
is thus formed in the stepwise shape. 
[0022] The large-diameter-side row of balls 1 5 are fit- 
ted to place on the pinion-gear side, in other words, be- 
tween the large diameter outer ring raceway 1 1 a and the 
large diameter inner ring raceway 13a. The small-diam- 
eter-side row of balls 1 6 are fitted to place on the counter- 
pinion-gear side, in other words, between the small di- 
ameter outer ring raceway 11b and the small diameter 
inner ring raceway 13b. 

[0023] In the first double row ball bearing 1 0, a contact 
angle of the row of balls 15 and a contact angle of the 
row of balls 1 6 have a same direction. In other words, a 
line of action y1 in accordance with the contact angle of 
the row of balls 15 and a line of action y2 in accordance 
with the contact angle of the row of balls 16 face each 
other in a such a direction that an angle 01 (not shown) 
made by the lines of action y 1 and y2 is 0° or an acute 
angle (0° ^ 61 < 90°). Such a constitution is adopted so 
that a preload is imparted to the both rows of balls 15 
and 1 6 in a same direction (in the present case, direction 
from the pinion-gear side toward the counter-pinion-gear 
side). Further, the lines of action y 1 and y2 are tilted in 
such a direction that outer-diameter sides thereof are on 
the counter-pinion-gear side and inner-diameter sides 
thereof are on the pinion-gear side with respect to a thrust 
surface. To be brief, the lines of action y1 and y2 are tilted 
in the upper-right direction in Fig. 2 and FIG. 3. The re- 
tainers 1 9 and 20 retain balls 1 7 and 1 8 respectively con- 
stituting the rows of balls 15 and 16 at a position with 
circumferentially equal interval. 

[0024] The pinion shaft 1 7 is inserted through the first 
inner ring 13, and an end surface of the first inner ring 
13 abuts an end surface of the pinion gear 6 from the 
axial-center direction. The first inner ring 13 is sand- 
wiched from the axial-center direction between the end 
surface of the pinion gear 6 and a plastic spacer 23 ex- 
ternally mounted on the shaft part 9 of the pinion shaft 7 
at an intermediate position thereof forsetting the preload. 
[0025] In the first double row ball bearing 1 0, a diam- 
eter of the ball 1 7 in the large-diameter-side row of balls 
15 and a diameter of the ball 18 in the small-diameter- 
side row of balls 16 are equal to each other, while pitch 
circle diameters D1 and D2ofthe respective rows of balls 
15 and 16 are different to each other. More specifically, 
the pitch circle diameter D1 of the large-diameter-side 
row of balls 15 is set to a value larger than that of the 
pitch circle diameter D2 of the small-diameter-side row 
of balls 1 6. As described, the first double row ball bearing 
1 0 has a double row structure (rows of balls 1 5 and 1 6) 
in which the two rows of balls have the different pitch 
circle diameters D1 and D2 each other. 
[0026] As shown in an enlarged view of Fig. 3, the balls 
17 of the large-diameter-side row of balls 15 are placed 



so as to space at a predetermined radial clearance a1 
between the large diameter outer ring raceway 11a and 
the large diameter inner ring raceway 13a in an initial 
state before assembling into the differential device. The 

5 balls 18 of the small-diameter-side row of balls 16 are 
placed so as to space at a predetermined radial clearance 
(31 smallerthan the radial clearance oc1 (a1 >|31) between 
the small diameter outer ring raceway 1 1 b and the small 
diameter inner ring raceway 13b in the initial state before 

10 assembling into the differential device. 

[0027] The second double row ball bearing 25 is an 
oblique contact double row ball bearing, and comprises 
a single second outer ring 1 2 fitted to an inner peripheral 
surface of the annular wall 27B and a second assembly 

15 component 22. The second assembly component 22 is 
assembled into the second outer ring 12fromthe counter- 
pinion-gear side toward the pinion-gear side along the 
axial-center direction. 

[0028] The second outer ring 12 has a structure of a 
20 counterbored outer ring. More specifically, the second 
outer ring 1 2 comprises a small diameter outer ring race- 
way 12a on the pinion-gear side and a large diameter 
outer ring raceway 12b on the counter-pinion-gear side. 
A planar part 12c is formed between the small diameter 
25 outer ring raceway 1 2a and the large diameter outer ring 
raceway 12b. The planar part 12c has a diameter larger 
than that of the small diameter outer ring raceway 12b 
and continuous to the large diameter outer ring raceway 
1 2a. Accordingly, an inner peripheral surface of the see- 
so ond outer ring 12 is thus formed in the stepwise shape. 
[0029] The second assembly component 22 compris- 
es a single second inner ring 14, a small-diameter-side 
row of balls 28, a large-diameter-side row of balls 29, and 
retainers 32 and 33. The second inner ring 1 4 has a struc- 
35 ture of a counterbored inner ring. More specifically, the 
second inner ring 14 comprises a small diameter inner 
ring raceway 1 4a and a large diameter inner ring raceway 
14b. The small diameter inner ring raceway 14a faces 
the small diameter outer ring raceway 12a in a radial 
40 direction. The large diameter inner ring raceway 1 4b fac- 
es the large diameter outer ring raceway 12b in a radial 
direction. Aplanarpart 14c is formedbetween the small 
diameter inner ring raceway 14a and the large diameter 
inner ring raceway 1 4b. The planar part 1 4c has a diam- 
45 eter smaller than that of the large diameter inner ring 
raceway 14b and continuous to the small diameter inner 
ring raceway 1 4a. An outer peripheral surface of the first 
inner ring 14 is thus formed in the stepwise shape. 
[0030] The pinion shaft 7 is inserted through the sec- 
50 ond inner ring 1 4. The second inner ring 1 4 is sandwiched 
from the axial-center direction between the plastic spacer 
23 for setting the preload and a shield 37. 
[0031] The small-diameter-side row of balls 28 are 
placed to fit on the pinion-gear side, that is, between the 
55 small diameter outer ring raceway 1 2a and the small di- 
ameter inner ring raceway 14a. The large-diameter-side 
row of balls 29 are placed to fit on the counter-pinion- 
gear side, that is, between the large diameter outer ring 



4 



7 



EP 1 719 926 A1 



8 



raceway 12b and the large diameter inner ring raceway 
14b. 

[0032] In the second double row ball bearing 25, a con- 
tact angle of the row of balls 28 and a contact angle of 
the row of balls 29 have a same direction. In other words, 
a line of action y3 in accordance with the contact angle 
of the row of balls 28 and a line of action y4 in accordance 
with the contact angle of the row of balls 29 face each 
other in a such a direction that an angle 92 (not shown) 
made by the lines of action y 3 and y 4 is 0° or an acute 
angle (0° ^ 92 < 90°). Such a constitution is adopted so 
that the preload is imparted to the both rows of balls 28 
and 29 in a same direction (in the present case, direction 
from the counter-pinion-gear side toward the pinion-gear 
side). Further, the lines of action y3 and y4 are tilted in 
such a direction that outer-diameter sides thereof are on 
the pinion-gear side and inner-diameter sides thereof are 
on the counter-pinion-gear side with respect to the thrust 
surface. To be brief, the lines of action are tilted on the 
downside in Figs. 2 and 3. The retainers 32 and 33 retain 
balls 30 and 31 respectively constituting the rows of balls 
28 and 29 at a position with circumferential ly equal inter- 
vals. 

[0033] Thus, the inner-diameter sides of the lines of 
action y J \ and y2 of the first double row ball bearing 10 
are on the pinion-gear side with respect to the thrust sur- 
face, while the outer-diameter sides of the lines of action 
73 and y4 of the second double row ball bearing 25 are 
on the pinion-gear side with respect to the thrust surface, 
so that the gradients of the lines of action in accordance 
with the contact angles of the bearings 1 0 and 25 are 
thereby reverse to each other. Such a constitution is 
adopted in order to reverse the directions where the 
preload is imparted in the bearings 1 0 and 25. 
[0034] In the second double row ball bearing 25, a di- 
ameter of the ball 30 in the small-diameter-side row of 
balls 28 and a diameter of the ball 31 in the large-diam- 
eter-side row of balls 29 are equal to each other, while 
pitch circle diameters D3 and D4 of the respective rows 
of balls 28 and 29 are different to each other. More spe- 
cifically, the pitch circle diameter D3 of the large-diame- 
ter-side row of balls 28 is set to a value smaller than that 
of the pitch circle diameter D4 of the small-diameter-side 
row of balls 29. As described, the second double row ball 
bearing 25 has a double row structure (rows of balls 28 
and 29) in which the two rows of balls have the different 
pitch circle diameters D3 and D4 to each other. 
[0035] As shown in an enlarged view of Fig. 3, the balls 
30 of the small-diameter-side row of balls 28 are placed 
to space at a predetermined radial clearance ot2 between 
the small diameter outer ring raceway 1 2a and the small 
diameter inner ring raceway 1 4a in the initial state before 
assembling into the differential device. The balls 31 of 
the large-diameter-side row of balls 29 are placed to 
space at a predetermined radial clearance (32 smaller 
than the radial clearance oc2 (a2 > (32) between the large 
diameter outer ring raceway 12b and the large diameter 
inner ring raceway 14b in the initial state before assem- 



bling into the differential device. 

[0036] An oil-circulating path 40 is formed between an 
outer wall of the front case 3 and one side of the annular 
wall 27A. An oil inlet 41 of the oil circulating path 40 is 
5 opened toward a ring-gear-8 side of the oil circulating 
path 40, while an oil outlet 42 of the oil circulating path 
40 is opened toward between the annular walls 27A and 
27B. 

[0037] The differential device 1 comprises a compan- 
10 ion flange 43. The companion flange 43 comprises a bar- 
rel part 44 and a flange part 45 formed as united with the 
barrel part 44. 

[0038] The barrel part 44 is externally mounted on the 
shaft part 9 of the pinion shaft 7 on the other side thereof, 

15 namely, on a drive-shaft side (not shown) thereof. The 
shield 37 is interposed between an end surface of the 
barrel part 44 and an end surface of the second inner 
ring 14 of the second double row ball bearing 25. 
[0039] An oil seal 46 is arranged between an outer 

20 peripheral surface of the barrel part 44 and an inner pe- 
ripheral surface of an opening of the front case 3 on the 
other side thereof. A seal protective cap 47 is attached 
to the other-side opening of the front case 3. The oil seal 
46 is covered with the seal protective cap 47. A screw 

25 part 48 is formed at an end part of the shaft part 9 on the 
other side thereof. The screw part 48 is protruded into a 
central recess part 43a of the flange part 45. A nut 49 is 
screwed into the screw part 48 so that the first inner ring 
1 3 of the first double row ball bearing 1 0 and the second 

30 inner ring 14 of the second double row ball bearing 25 
are sandwiched between the end surface of the pinion 
gear 6 and an end surface of the companion flange 43 
in the axial-center direction. A predetermined preload is 
imparted to the first double row ball bearing 1 0 and the 

35 second double row ball bearing 25 via the shield 37 and 
the plastic spacer 23. 

[0040] In the differential device 1 thus constituted, a 
lubricating oil 50 is reserved in the differential case 2 at 
a predetermined level L in a state where the operation is 

40 halted. The lubricating oil 50 is raised upward by the ro- 
tation of the ring gear 8 when the operation starts, travels 
through the oil circulating path 40 in the front case 3, and 
is introduced and supplied to upper parts of the first dou- 
ble row ball bearing 10 and the second double row ball 

45 bearing 25. Thereby, the lubricating oil 50 circulates in 
the differential case 2 so as to lubricate the first double 
row ball bearing 1 0 and the second double row ball bear- 
ing 25. 

[0041] Next, a method of assembling the differential 
50 device 1 is described referring to a partial sectional view 
of Fig. 4. In order to assemble the differential device 1, 
thefirst double row ballbearing 10 and the second double 
row ball bearing 25 are assembled in advance. Before 
the first double row ball bearing 10 is assembled, the 
55 radial clearance (31 is adjusted to be smaller than the 
radial clearance <x1 as described earlier. More specifi- 
cally, the respective parts of the first double row ball bear- 
ing 1 0 are formed so as to obtain the foregoing relation- 
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ship between the clearances, and further, shapes of the 
respective parts are adjusted so that the clearances in 
the predetermined state can be obtained in the assembly. 
[0042] Before the seconddoublerowballbearing25 is 
assembled, an clearance between the small-diameter- 
side row of balls 28, and the small diameter outer ring 
raceway 12a and the small diameter inner ring raceway 
1 4a is adjusted so that the radial clearance (32 is smaller 
than the radial clearance a2 as described earlier. More 
specifically, the respective parts of the second double 
row ball bearing 25 are formed so as to obtain the fore- 
going relationship between the clearances, and further, 
shapes of the respective parts are adjusted so that the 
clearance in the predetermined state can be obtained in 
the assembly. 

[0043] After the foregoing adjustments and prepara- 
tions are made, the first double row ball bearing 10 is 
disassembled into the first outer ring 1 1 and the first as- 
sembly component 21, and the second double row ball 
bearing 25 is disassembled into the second outer ring 12 
and the second assembly component 22. Then, the first 
double row ball bearing 10 and the second double row 
ball bearing 25 are incorporated into the differential de- 
vice 1 . More specifically, the first outer ring 1 1 and the 
second outer ring 12 are respectively pressed into the 
annular walls 27A and 27B. More specifically, in a state 
where the front case 3 and the rear case 4 are still sep- 
arated, the first outer ring 1 1 is incorporated into the front 
case 3 and further pressed in the axial-center direction 
from the one-side opening of the front case 3 until it abuts 
a step part formed on the annular wall 27A. Then, the 
second outer ring 1 2 is pressed in the axial-center direc- 
tion from the other-side opening of the front case 3 until 
it abuts a step part formed on the annular wall 28B. 
[0044] The first assembly component 21 (specifically, 
first inner ring 13) is inserted through the pinion shaft 7. 
Then, the first assembly component 21 is incorporated 
into the pinion shaft 7 so as to locate on the pinion-gear- 
6 side of the shaft part 9 of the pinion shaft 7. 
[0045] The pinion shaft 7 into which the first assembly 
component 21 is incorporated is inserted through the 
one-side opening of the front case 3 from the small-di- 
ameter side thereof. At the time, the pinion shaft 7 is 
inserted so that the balls 18 of the small-diameter-side 
row of balls 16 of the first assembly component 21 are 
fitted into the small-diameter outer ring raceway 1 1b of 
thefirst outer ring 1 1 . Further, the pinion shaft 7 is inserted 
so that the balls 1 7 of the large-diameter-side row of balls 
15 are fitted into the large-diameter outer ring raceway 
1 1 a of the first outer ring 1 1 . In order to realize the as- 
sembly process described above, the small-diameter- 
side row of balls 1 8 is arranged to be closerto a rear side 
in the direction where the pinion shaft 7 is inserted (the 
counter-pinion-gear side) than the large-diameter-side 
row of balls 1 6. 

[0046] Next, the plastic spacer 23 is inserted by exter- 
nally fitting to the shaft part 9 of the pinion shaft 7 from 
the other-side opening of the front case 3. Subsequently, 



the second assembly component 22 (specifically, second 
inner ring 1 4) is inserted by externally fitting to the shaft 
part 9 of the pinion shaft 7 from the other-side opening 
of the front case 3. In order to realize the foregoing in- 

5 sertion by externally fitting, the small-diameter-side row 
of balls 28 is arranged to be closer to a rear side in the 
direction where the pinion shaft 7 is inserted (pinion-gear 
side) than the large-diameter-side row of balls 29. 
[0047] Thereafter, the shield 37 is inserted through the 

10 shaft part 9 of the pinion shaft 7from the other-side open- 
ing of the front case 3. Further, the oil seal 46 is fixed on 
the shaft part 9 of the pinion shaft 7 from the other-side 
opening of the front case 3. The seal protective cap 47 
is mounted on the other-side opening of the front case 

15 3. The barrel part 44 of the companion flange 43 is in- 
serted through the seal protective cap 47 so that the end 
surface of the barrel part 44 abuts the shield 37. Then, 
the nut 49 is screwed into the screw part 48. Thereby, a 
thrust load is imparted to the first double row ball bearing 

20 10 and the second double row ball bearing 25, and a 
predetermined preload is imparted thereto. The direction 
to impart the preload id done as below. The preload is 
imparted to the first double row ball bearing 1 0 along the 
direction from the pinion-gear side toward the counter- 
's pinion-gear side, while the preload is imparted to the sec- 
ond double row ball bearing 25 along the direction from 
thecounter-pinion-gearsidetowardthe pinion-gear side. 
Thus, the preload is imparted to the first and second dou- 
ble row ball bearings 1 0 and 25 in the reverse directions. 

30 [0048] In the differential device 1 , the radial clearance 
(3 1 is set to a value smaller than that of the radial clear- 
ance oe1. Therefore, when the thrust load for imparting 
the preload is applied to the first double row ball bearing 
10, the balls 18 of the small-diameter-side row of balls 

35 1 6 are fitted into the raceways 11b and 1 3b at the pre- 
determined contact angle before the balls 17 of the large- 
diameter-side row of balls 1 5 are fitted into the raceways 
1 1 b and 1 3b, and thereby the rotation torque is generat- 
ed. 

40 [0049] I n the same way, in the differential device 1 , the 
radial clearance (32 is set to a value smaller than that of 
the radial clearance a2 in a similar manner. Therefore, 
when the thrust load for imparting the preload is applied 
to the second double row ball bearing 25, the balls 31 of 

45 the large-diameter-side row of balls 29 are fitted into the 
raceways 12b and 14b at the predetermined contact an- 
gle before the balls 30 of the small-diameter-side row of 
balls 28 are fitted into the raceways 12a and 14a, and 
thereby the rotation torque is generated. 

50 [0050] In the first double row ball bearing 10 and the 
second double row ball bearing 25, the initial rotation 
torques are obtained as described, and the larger thrust 
load which is further applied so that the preload at a nec- 
essary level is applied. Explanation is given below. 

55 [0051] In the state where the initial rotation torques are 
generated, as described, the radial clearance (31 , that is 
on the side of the smaller clearance, is reduced, and the 
balls 18 of the small-diameter-side row of balls 16, the 
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small diameter outer ring raceway 1 1b and the small di- 
ameter inner ring raceway 1 3b are thereby already fitted 
with respect to one another at the predetermined contact 
angle in the first double row ball bearing 10, while the 
radial clearance |32, that is on the side of the smaller 
clearance, is reduced so that the balls 31 of the large- 
diameter-side row of balls 29 and the raceways 1 2b and 
14b are fitted with respect to one another at the prede- 
termined contact angle in the second double row ball 
bearing 25. 

[0052] When the thrust load is further imparted to the 
first double row ball bearing 10 and the second double 
row ball bearing 25 in the described state, the radial clear- 
ance oc1 , that is on the side of the larger clearance, is 
reduced so that the balls 17 of the large-diameter-side 
row of balls 1 5 and the raceways 1 1 a and 1 3a are fitted 
with respect to one another at the predetermined contact 
angle in the first double row ball bearing 1 0, and thereby 
the rotation torque is generated. In a similar manner, the 
radial clearance a2, that is on the side of the larger clear- 
ance, is reduced so that the balls 30 of the small-diam- 
eter-side row of balls 28 and the raceways 12a and 14a 
are fitted with respect to one another at the predeter- 
mined contact angle in the second double row ball bear- 
ing 25, and thereby the rotation torque is generated. 
[0053] By slightly shifting the fitting timing in the re- 
spective rows of balls as described, the rotation torque 
is selectively obtained in the row of balls 1 6 alone in the 
first double row ball bearing 1 0, and thereafterthe rotation 
torque resulting from the synthesized rotation torques of 
the rows of balls 15 and 16 is obtained with a time lag. 
In asimilarmanner, in the second double row ball bearing 
25, the rotation torque is selectively obtained in the row 
of balls 29 alone, and thereafter the rotation torque re- 
sulting from the synthesized rotation torques of the rows 
of balls 28 and 29 is obtained with a time lag. Accordingly, 
a maximum rotation torque thereby obtained is in- 
creased, which expands the range of the adjustable 
torque. The adjustment range of the preload to be set is 
thereby increased, and the preload control is conse- 
quently facilitated. 

[0054] A graph of Fig. 4 shows a relationship between 
the thrust load S (preload) imparted to the oblique contact 
double row ball bearing and the rotation torque T corre- 
sponding to the thrust load S. The thrust load applied to 
the oblique contact double row ball bearing can be known 
through the measurement of the rotation torque T. 
[0055] In the drawing, a broken line 60 shows a result 
of the conventional oblique contact double row ball bear- 
ing (double row ball bearing in which the pitch circle di- 
ameters of the respective rows are different to each oth- 
er), while a solid line 61 shows a result of the first and 
second oblique contact double row ball bearings 1 0 and 
25 according to the present invention (oblique contact 
double row ball bearings in which the pitch circle diam- 
eters of the respective rows are different to each other). 
Comparing a tilt of the broken line 60 to that of the solid 
line 61 to each other, the tilt of the solid line 61 is larger 



than that of the broken line 60. A reason is described 
below. 

[0056] As described, in the first double row ball bearing 
10, the balls 18 of the small-diameter-side row of balls 
5 16 and the raceways 11b and 13b are first fitted with 
respect to one another so that the initial rotation torque 
is generated, and thereafter, the balls 17 of the large- 
diameter-side row of balls 1 5 and the raceways 1 1 a and 
13a are fitted with respect to one another so that the 
10 rotation torque is further generated. 

[0057] In a similar manner, in the second double row- 
ball bearing 25, the balls 31 of the large-diameter-side 
row of balls 29 and the raceways 12b and 14b are first 
fitted with respect to one another so that the initial rotation 
15 torque is generated, and thereafter, the balls 30 of the 
small-diameter-side row of balls 28 and the raceways 
1 2a and 1 4a are fitted with respect to one another so that 
the rotation torque is further generated. 
[0058] As a result, the rotation torque can be largely 
20 set and the range of the torque to be set can be increased 
in comparison to the conventional oblique contact double 
row ball bearing in which the balls of the both rows are 
simultaneously fitted into the raceways, and the gradient 
of the full line 61 is larger than that of the broken line 60. 
25 [0059] Description is given here, for example, to a case 
where it is tried to obtain the "S2" value as the thrust load 
S referring to a graph shown in Fig. 5. Because the tilt of 
the solid line 61 is larger than that of the broken line 60, 
the adjustment range of the rotation torque T correspond- 
so ing to the "S2" value is T1 in the broken line 60 (conven- 
tional example), while the adjustment rage of the rotation 
torque T is T2 in the first and second double row ball 
bearings 10 and 25 according to the present invention, 
that is, it is T2 > T1 . Therefore, when the thrust load S2 
35 is applied sothatthesame preload is obtained, the range 
forthe adjustment is larger in the first and second double 
row ball bearings 10 and 25 according to the present 
invention than in the conventional oblique contact double 
row ball bearing. As a result, the preload can be accu- 
se rately and easily applied. 

[0060] Consideration is done about a case where the 
thrust load "S2" to be imparted is in the range from "S1 " 
through "S3" in terms of its tolerance. In this case, the 
adjustment range of the rotation torque T in the conven- 
es tional oblique contact double row ball bearing isT3, while 
the adjustment range of the rotation torque T is T4 in the 
first and second double row ball bearings 10 and 25 ac- 
cording to the present invention, that is, it is T4 > T3 as 
shown in Fig. 5. Thus, even in this case, the first and 
50 second double row ball bearings 1 0 and 25 according to 
the present invention can achieve the adjustment range 
wider than that of the conventional double rowball bear- 
ing when it is tried to obtain the same preload. As a result, 
the thrust load S (preload) can be accurately and easily 
55 applied. 
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Claims direction. 

1 . An oblique contact double row ball bearing compris- 
ing double rows of balls axial ly interposed in between 
raceways of inner and outer rings, wherein 5 
an inner clearance between the balls in one of the 
rows and the raceway in which the balls are rolled 
and an inner clearance between the balls in the other 
row and the raceway in which the balls are rolled, 

are different to each other. 10 

2. The oblique contact double row ball bearing accord- 
ing to Claim 1 , wherein the innerclearance is a radial 
clearance. 

15 

3. The oblique contact double row ball bearing accord- 
ing to Claim 1 , wherein pitch circle diameters of the 
both rows are different to each other. 

4. The oblique contact double row ball bearing accord- 20 
ing to Claim 1 , wherein a contact angle of the ball in 
one of the rows and a contact angle of the ball in the 
other row have a same direction. 

5. Amethod of imparting apreloadto an oblique contact 25 
double rowballbearing in which double rows of balls 

are arranged in between raceways of inner and outer 
rings with inner clearances, wherein 
the inner clearance between the balls in one of the 
rows and the raceway of the inner and outer rings 30 
corresponding to the one of the rows in which the 
balls are rolled, and the inner clearance between the 
balls in the other row and the raceway of the inner 
and outer rings corresponding to the other row in 
which the balls are rolled are set to be different to 35 
each other, and then 

a load is given to the inner and outer rings so that 
the inner clearances are sequentially reduced in or- 
der to impart the preload to the inner and outer rings. 

40 

6. The method of imparting the preload to the oblique 
contact double row ball bearing according to Claim 
5, wherein 

the inner clearance is a radial clearance, and 

a thrust load is given to the inner and outer rings in 45 

order to impart the preload. 

7. The method of imparting the preload to the oblique 
contact double row ball bearing according to Claim 

5, wherein so 
pitch circle diameters of the double rows are different 
to each other. 

8. The method of imparting the preload to the oblique 
contact double row ball bearing according to Claim 55 
5, wherein 

a contact angle of the ball in one of the rows and a 
contact angle of the ball in the other row have a same 
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